Abstract: Ultrasound-assisted matrix solid phase dispersive extraction was applied for the selective isolation and clean-up of three amphenicol antibiotics, chloramphenicol (CAP), thiamphenicol (TAP) and florfenicol (FFC) from shrimp. The target antibiotics were separated on a LiChroCART-LiChrospher ® 100 RP-18 (5 μm, 250 × 4 mm) analytical column in less than 9 min, with isocratic elution using a mixture of 70% ammonium acetate (0.05 M) and 30% acetonitrile (v/v). Matrix Solid Phase Dispersion protocol was optimized in terms of extraction sorbent and elution solvent. Two polymer based (Oasis and Nexus) sorbents and one silica based (Lichrolut C 18 ) were compared and different elution solvents such as methanol, acetone, acetonitrile and isopropanol were evaluated based on the achieved recovery rates as well as on the cleanup efficiency. The extraction procedure was performed with and without sonication to evaluate the impact of ultrasounds. TAP and FFC were monitored at 234 nm and CAP at 280 nm by a photodiode array detector. The method was validated according to the European Union Decision 2002/657/EC in terms of linearity, selectivity, stability, accuracy, precision and sensitivity. Detection capability values (CCb) were 64.6 μg/kg for TAP and 1046.8 μg/kg for FFC and 63.8 μg/ kg for CAP.
Introduction
Antibiotics are chemical substances that have either bactericidal or bacteriostatic action of broad or narrow spectrum. Broad spectrum antibiotics are active against a variety of microorganisms and narrow spectrum target a specific group of microorganisms. There are three action mechanisms of antibiotics: (i) they prevent the synthesis of bacterial cell wall components, (ii) they damage the bacterial cytoplasmic membrane and (iii) they interfere with protein or nucleic acid synthesis. They are widely used in aquaculture for therapeutic and prophylactic reasons. But their presence in animal, fish and seafood tissue can cause severe effects on consumers' health such as allergies etc. However the most important consequence from the continuous consumption of food with antibiotic residues is the increase of antimicrobial resistance in human pathogens and other infections [1] . Facing those risks, as well as their effects on human health, maximum residue limits (MRL's) have been enacted as regulations [2] .
Amphenicols namely Chloramphenicol (CAP), Thiamphenicol (TAP) and Florfenicol (FFC) are synthetic antibiotics. They have broad spectrum activity and as shown in Figure 1 , similar structure. They are very useful for the treatment of bacterial infections and prevent animal diseases. Nevertheless, their use in food animals is illegal in most countries.
Chloramphenicol is the first synthetic antibiotic and was first isolated from Streptomyces venezuelae in 1940's. It interferes with protein synthesis of both gramnegative and gram-positive bacteria and has toxic effects on human. The potential outcome is depression of red blood cell production in bone marrow, leading to aplastic anemia. Although in Asia, the use of Chloramphenicol as a veterinarian antibiotic in aquaculture was very common, European Union along with many other countries has banned its use in food producing animals. For this reason two derivatives of chloramphenicol, thiamphenicol and florphenicol were synthesized. Thiamphenicol has a similar antimicrobial range as chloramphenicol, but it is not associated with aplastic anemia. It prevents protein synthesis in bacteria. For the majority of microorganisms TAP has a bacteriostatic action, but in cases when bacteriostatic concentration is 3-5 times lower than the bactericidal and in specific conditions, TAP has bactericidal action. Florfenicol is a broad spectrum bacteriostatic antibiotic. It has also similar activity as chloramphenicol including gram-negative and grampositive bacteria. A significant advantage of FFC is that it affects some of chloramphenicol resistant strains of bacteria [1] .
European Union has established MRL's for TAP and FFC at 50 μg/kg and 1000 μg/kg respectively [2] . Concerning CAP, the minimum required performance limit (MRPL) of 0.3 μg/kg has been set [3] .
In literature there are a lot of analytical methods for the determination of chloramphenicol in shrimp tissue [4] [5] [6] [7] [8] [9] . Fewer methods include the determination of all three amphenicols in shrimp tissue [10] [11] [12] [13] .
There are also publications that refer to the determination of amphenicols in other aquaculture species and other foodstuff such as fish [5, [12] [13] [14] , mussels [15] , turtle tissue [16] , honey [4, 9] , meat [4, 9] , milk [9, 17] etc.
For the determination of amphenicols in shrimp tissue many methods used liquid-liquid extraction with various combinations of solvents like methylene chloride, acetonitrile, ethyl acetate and hexane in order to remove the fat [4, 9, 10, 18, 19] . Solid phase extraction (SPE) has been proposed as a clean-up step for the isolation of amphenicols also with different combinations of solvents with ethyl acetate the most dominant [6, 7, 13, 20] . Supercritical fluid extraction (SFE) has been also applied [11] .
Recently, Matrix Solid Phase Dispersion (MSPD) has been proposed as an extraction technique for the determination of amphenicols in shrimp tissue [12] . MSPD is a simple technique and friendly to the environment due to the small volumes of organic solvents required. It offers a great variety of analyte/ matrix combinations and has great perspectives for future improvements [21] .
Concerning the analysis most of the methods that are previously illustrated use high pressure liquid chromatography (HPLC) with UV or mass spectrometry [4, [6] [7] [8] [9] 12, 13, 18] and one uses gas chromatography with mass spectrometry [11] .
The aim of this study was to develop a simple HPLC-DAD method for the determination of chloramphenicol, thiamphenicol and florfenicol in shrimp tissue using ultrasound-assisted MSPD. The method was validated regarding selectivity, linearity, accuracy, precision, stability and sensitivity according to the European Union Decision 2002/657/EC [22] .
Experimental

Reagents and materials
CAP (90%) was purchased from Alfa Aesar GmbH Cock (Karlsruhe, Germany), TAP and FFC were purchased from Sigma (St. Louis, MO USA). Lamotrigine (LTG) was purchased from Wellcome Foundation (London, UK) and it was used as internal standard (IS). Ammonium acetate and acetone was purchased from Merck (Darmstadt, Germany), HPLC grade methanol Lichrosolv ® (MeOH) was purchased from Merck (Darmstadt, Germany) and acetonitrile (ACN) was purchased by Fisher Scientific (Loughborough, Leicestershire, UK). Isopropanol (2-propanol) was supplied from Panreac (Barcelona, Spain). Ultra pure water was used throughout the study, provided by a Milli-Q ® purification system Millipore, Bedford, MA USA. SPE cartridges Lichrolut ® PR-18 (40-63 μm -200 mg/3mL) were supplied by Merck. Nexus Abselut (60 mg/3 mL) were supplied from Agilent Technologies Inc. (Santa Clara, CA, USA) and Oasis-HLB (200 mg/6 mL) from Waters (Milford, Massachusetts, USA). Syringe nylon filters Q-Max ® (diameter-13 mm, membrane-0.22 μm) were purchased by Frisenette Aps.
A LiChroCART-LiChrospher ® 100 RP-18 (5 μm, 250 × 4 mm) analytical column by Merck (Darmstadt, Germany) was used for the chromatographic separation.
Frozen shrimp were purchased from local market. The shell was peeled and the shrimp tissue was homogenized with a blender homogenizer. Then 0.5 g portions were stored in plastic bags, kept in a −18 °C freezer until they were thawed prior to analysis.
Instrumentation
Mobile phase was delivered to the analytical column by a Shimadzu (Kyoto, Japan) LC-9A pump. Degassing of the mobile phase was achieved by helium sparging in the solvent reservoirs by a DGU-10B degassing unit. Sample injection was performed via an auto-injection SIL-9A by Shimadzu set at 100 μL. Detection was achieved by a photodiode array UV-Vis detector SPD-M6A by Shimadzu. For the filtration of the aqueous solutions a glass vacuumfiltration apparatus was used, purchased from Alltech Associates using Cellulose Nitrate 0.2 μm membrane filters from Sartorius Stedim Biotech GmbH (Gottingen, Germany). A Glasscol small vortexer (Terre Haute, IN, USA) and an ultrasonic bath Transonic460/H (35 kHz, 170 W, Elma, Germany) were employed for the pretreatment of shrimp tissue samples. Evaporations were carried out by a Supelco 9-port Mini-Vap concentrator/evaporator, Bellefonte, PA USA. MSPD was performed in a 12 port vacuum manifold from Supelco.
Chromatographic Conditions
A Lichrocart-Lichrospher 100 RP 18e (5 μm) analytical column, maintained at room temperature, was used for the separation of the tree antibiotics. The analytes were monitored as follows: TAP and FFC at 234 nm and CAP at 280 nm. The elution was isocratic and the mobile phase consisted of 70% in ammonium acetate (0.05 M) and 30% can delivered ata flow-rate of 1.0 mL/min. Inlet pressure was between 195-200 bar. The injection volume was 100 μL. LTG was used as an internal standard at a concentration of 10 ng/μL.
Preparation of standards
Stock solutions of each analyte at 100 ng/μL were dissolved in ultra pure water and stored refrigerated in 4° C They were found to be stable for one month. Working aqueous standards were prepared by the appropriate dilution at a range from 0.1 to 10 ng/μL containing the internal standard.
Sample preparation
Frozen shrimps were held at room temperature until they were thawed. They were chopped, homogenized and stored at -18°C in small portions of 0.5 g. The procedure of matrix solid phase dispersion was as follows: After conditioning the SPE cartridge with 2 mL of methanol and 2 mL of water the frits and the sorbent were removed and the sorbent was placed in a small beaker containing 0.5 g of homogenized shrimp aliquot, spiked with 400 μL of the mixture of the three antibiotics or 400 μL of water treated as blank sample. After blending, the mixture was sonicated for 10 min. SPE cartridges were repacked by placing one of the frits at the bottom of the cartridge, then transferring the mixture (sorbent/spiked sample) and at the end placing the second frit and compressed with a glass stirring rod. The cartridge was then washed with 1 mL of ultra pure water. Sequential elution was performed firstly with 1 mL ACN and then 1 mL MeOH. A re-extraction step was then tried with the same eluents but no improvement of absolute recoveries was noticed. After evaporation to dryness in water bath at 40° C under a light stream of nitrogen, the dry residue was dissolved in 400 μL of aqueous solution of LTG (10 ng/mL) and after filtration by means of syringe filter 0.2 μm it was injected into the HPLC system.
MSPD Optimization
Matrix Solid Phase Dispersion protocol was initially optimized in terms of SPE sorbent and subsequently with regards to elution solvent. Three SPE sorbents, two polymer based (Oasis and Nexus) and one silica based (Lichrolut C 18 ). Methanol, acetone, acetonitrile and isopropanol were evaluated as elution solvents, based on the recovery rates achieved as well as on the cleanup efficiency. The extraction procedure was performed with and without sonication to evaluate the impact of sonication.
Method Validation
The developed method was validated according to the European Union Decision 2002/657/EC, using spiked samples since no validated reference material was available. Linearity, accuracy, precision and sensitivity were examined at different concentrations.
Linearity was studied using working standards at concentration levels between 0.1 and 10 ng/μL. In shrimp tissue, linearity was examined using spiked samples covering the range between 20 μg/kg up to 8000 μg/kg and calibration curves were calculated using descriptive statistic analysis of the peak area ratio of each analyte to IS. Limits of detection (LOD) was calculated based on the ratio 3 S/N (S=signal, N= noise) and limits of quantitation (LOQ) were 3.3 times the LOD. The selectivity of this method was expressed as lack of interference of endogenous compounds examined by the analysis of blank samples of shrimp tissue. Precision and accuracy were calculated by analyzing spiked samples of tissue at the concentration levels of 0.5 MRL, 1 MRL and 1.5 MRL. Since the MRPL set by the European Commission could not be reached by the used instrumentation for chloramphenicol the precision study was performed at the MRL of TAP. Withinday repeatability was studied by five measurements at the above concentration levels. Between-day precision was conducted applying the same procedure in a period of five days. The recovery was calculated as the percentage of the ratio of the analyte mass that was found in the spiked sample, to the spiked mass. The decision limit CCa was calculated as the mean concentration found at the MRL of each antibiotic plus 1.64 times the SD of duplicate measurements of twenty samples at MRL for TAP and FFC. The detection capability CCb was calculated as CCa plus 1.64 times the SD of duplicate measurements of twenty samples spiked at levels of CCa. For the stability of the antibiotics, aliquots of 0.5 g of shrimp tissue were spiked with a mixture of the three compounds, at the required concentration of MRL.
Short-term stability was evaluated after 1, 2 and 24 hours of storage in room temperature. Long term stability was assessed after two weeks of storage in a freezer at -18° C. Stability was also studied after four freeze-thaw cycles. Frozen aliquots of shrimp tissue were left to thaw in room temperature and then analyzed.
Results and discussion
Chromatography
The mobile phase consisted of ammonium acetate (0.05M) and ACN (70:30 v/v), was delivered isocratically. The separation of the three amphenicols and the internal standard was achieved within 8.5 min. Retention times of the analytes were approximately at 3.924 min for TAP, 7.666 min for FFC, 8.485 min for CAP and finally 6.028 min for the internal standard (LTG).
Sample preparation-MSPD
In order to optimize the extraction procedure, different SPE and MSPD protocols were examined. Initially SPE extraction was used in standard solutions in order to choose the sorbent that provides the highest recovery rates. The best recoveries were obtained using Lichrolut C 18 with ACN and MeOH (1:1 v/v) as eluent, although sufficient recoveries were also obtained by OASIS and Nexus cartridges. However when these sorbents were applied for clean-up after solid liquid extraction from shrimp matrix with various organic solvents, recoveries were less than 10%. Therefore MSPD was applied using Lichrolut sorbent with various eluents. The results of the examined protocols are presented in Table 1 . Important steps that improved the performance were, preconditioning of Lichrolut sorbent with 2 mL MeOH and 2 mL H 2 O and sonication of spiked samples with the sorbent for 10 min. Concerning the elution solvents best recoveries were observed after sequential elution with methanol and acetonitrile. Absolute recoveries after MSPD were, 70% for TAP, 72% for FFC and 62% for CAP. The internal standard was selected to be used after extraction performing as chromatographic internal standard and not as extraction IS. Therefore the IS solution was used for dissolving the dry residue after evaporation. Typical chromatograms of blank and spiked shrimp samples at 50 μg/kg for TAP and CAP and 1000 μg/kg for FFC after MSPD are shown in Figure 2. 
Method Validation results
Linearity and sensitivity
The calibration curves of both standard solutions and spiked shrimp samples after MSPD were all linear with coefficient of determination values ranging between 0.9902 and 0.9999. The LOQ (detection of quantitation) of the method was found at 20 μg/kg, while linearity extended up to 8000 μg/kg. LOQ For FFC and TAP was lower than the MRL value. There is no MRL set for CAP.
Calibration curves were y = 0.3049x + 0.073 (R 2 = 0.9991) for TAP, y = 0.2542x -0.0821 (R 2 = 0.9996) for FFC and y = 0.1876x -0.0261 (R 2 = 0.9999) for CAP in standard solutions, where x= ng/μL and y=peak area ratio towards internal standard. The respective calibration curves in spiked shrimp matrix were y = 0.2135x -0.0168 (R 2 = 0.9939) for TAP, y = 0.204x -0.2048 (R 2 = 0.9902) for FFC and y = 0.1166x -0.0451 (R 2 = 0.9939) for CAP, where x is μg/kg and y=peak area ratio towards internal standard. 
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Selectivity
Selectivity was investigated by analyzing blank samples of shrimp tissue by the same procedure. No endogenous compounds were found and so there was no interference with the examined antibiotics.
Precision and Accuracy
The precision of the method was based on within-day repeatability and between day reproducibility. The former was assessed by replicate (n=5) measurements from three spiked samples of shrimp tissue at 25, 50, 75 μg/kg for TAP and CAP and 500, 1000, 1500 μg/kg for FFC. The recoveries of spiked samples were established at three different concentrations comparing the peak area ratios for extracted compounds and the values derived from calibration curves. Between-day reproducibility was determined using the same concentrations. A triplicate determination of each concentration was performed at a period of five days. RSD values were under 13.6% for all antibiotics. Recovery rates for each compound ranged as follows: for TAP: 81.3-114.5%, for FFC: 72.0-103.3%, and for CAP: 89.1-120.6%. The results of within-day repeatability and between-day precision of the method, applied to spiked samples are presented in Table 2 .
Decision limit and detection capability
In compliance with the European commission regulation (EU No 37/2010), the CCa (limit of decision) and CCb (capability of detection) were calculated after spiking twenty shrimp tissue samples with TAP and FFC at the MRL level. For CAP since the MRPL level was below the LOQ of the instrument the respective value for TAP was used. Table 3 includes the CCa and CCb values for shrimp tissue.
Stability of the solutions
In order to evaluate the stability of the three amphenicols, samples of shrimp tissue were used, spiked at the levels of MRL. Short-term stability was assessed after 1, 2 and 24 hours of storage at room temperature. TAP and CAP were stable for 24 hours and FFC was stable for 2 hours. Long-term stability was evaluated after 1 and 2 weeks of storage in a freezer at -18° C. TAP and CAP were stable for one week and FFC for two weeks. Also the stability of the three amphenicols was assessed after four freeze-thaw cycles from -18° to room temperature. TAP and FFC were stable for two circles and CAP for four cycles. Despite close similarity in structure; amphenicols exhibited differential To the best of our knowledge this method was the first HPLC-DAD method for the simultaneous determination of three amphenicols using ultrasound-assisted MSPD.
The described method is quick and easy and friendly to the environment. The required instrumentation can be behavior toward storage conditions, therefore spiked samples of shrimp tissues should be analyzed within two hours unless they are kept in the freezer. Only two freeze-thaw cycles are recommended. All the above were evaluated according to the degradation criterion of -10%. Results are presented in Table 4 .
Application to commercial samples
The developed method was applied to the analysis of 20 commercial frozen shimp samples from local food stores. No amphenicol residues were detected.
Discussion
Compared to the recent study of Tao et al. [12] the elution of the analytes was achieved in less than 9 min, instead of 13.02 min. Moreover the extraction of the analytes in the above cited method required up to 10 mL of organic extraction solvents, 5 times higher than the volume required in the proposed method and the required equipment is less expensive.
The main disadvantage of the proposed method is that MRPL set by the European Commission at 0.3 μg/ kg.for chloramphenicol cannot be reached, however this can eliminated, when a more sophisticated equipment is used.
Conclusion
The method described herein is a simple validated assay for the simultaneous determination of chloramphenicol, thiamphenicol and florfenicol in shrimp tissue by HPLC-DAD using ultrasound-assisted MSPD extraction. It easily found in any laboratory and so it could be useful and practical in the fields of food control and safety.
